The creation of a centralised national livestock database for the islands of Malta and Gozo is of crucial importance for the identification and traceability of bovines. It is also important for compliance with the legal obligations that followed Malta's accession to the European The main drawbacks and weak points of the system include financial costs for the government department, potentially late notification of the births and deaths of newborn calves, and insufficient uptake Rev. Sci. Tech. Off. Int. Epiz., 34 (3) 
Introduction
The identification of animals has been considered important since humans first started to keep livestock. Evidence for identification of live animals by means of body markings can be found as far back as 3,800 years ago in the Code of Hammurabi (1) . Marking of live animals to identify ownership was especially important for valuable livestock. Later, the use of branding had particular importance in control of livestock diseases (2) . ovines and caprines from one holding to another were stored in individual files for each holding. However, although these records were reasonably comprehensive, any tracing forwards or backwards of animals during epidemiological studies was a laborious process requiring analysis of paper records in several files.
During preparations for Malta's accession to the EU, the identification of bovines and the way data were stored and analysed changed radically. One of the main reasons for this change was the introduction of the national livestock database (NLD) to store, manage and analyse data.
This paper describes how identification, registration and traceability in the bovine sector have been managed in the Maltese Islands since EU accession. The paper also highlights the merits and drawbacks arising from ten years' implementation of the NLD, which is the link between the separate components of the identification, registration and traceability chain. 
Present situation: plastic ear tags and herd registers

Traceability and the national livestock database
The issue of traceability has become more important in recent times, especially during disease outbreaks (7, 8, 9) . Tracing is achieved through:
-identification of animals -identification of premises -tracking of animal movements (10) . 
Recording data in the national livestock database
The NLD is of value only if the data cover all the bovine holdings and their respective herd populations in Malta and Gozo. For such a system to be comprehensive, the following data are collected:
-registration of all holdings containing bovine herds in Malta and
Gozo
-registration of all ear tags applied to bovines -registration of all movements of bovines from one holding to another, to a slaughterhouse or to a temporary exhibition.
Registration of all holdings containing bovine herds
All bovine holdings are required by law to be registered with the Malta DVS as in article 3 (1) (a) of Subsidiary Legislation 437.78. These include both dairy holdings and non-dairy holdings, the latter mainly keeping bovines for fattening and slaughter. The non-dairy holdings are normally family run and operate on a part-time basis.
Active holdings are defined as those having an average of at least one bovine on the holding throughout the ten-year period under review.
Among the 126 dairy holdings registered in Malta, 89 (71%) had fewer than 100 bovines; among the 232 non-dairy bovine holdings, 216 (93%) had fewer than 20 animals. In Gozo, among the 49 dairy holdings registered during the ten-year period under study, 27 (55%)
holdings had fewer than 100 bovines; among the 12 non-dairy bovine holdings, all (100%) had fewer than 20 bovines on the premises (Table I) . Even though the smaller holdings keep very few bovines, their registration is nevertheless required for traceability purposes, as they are also involved in the buying and selling of stock.
Registration of all bovine ear tags
Ear tagging of bovines on the Maltese Islands is carried out by VSOs from the Department. Whenever an animal is born, the owner must A total of 57,336 bovine births were registered during the study period: 38,255 in Malta and 19,081 in Gozo (Table I) .
Registration of movements of bovines between holdings or to a slaughterhouse
Movement permits are required whenever bovines are moved from one holding to another. This is not required when bovines are In the ten-year period under review, a total of 22,610 movements between premises were registered: 19,712 originating in Malta and 2,898 originating in Gozo (Table I) .
No The number of bovines registered as slaughtered during the period under review was 50,044 at the abattoir in Malta and 1,566 at the abattoir in Gozo, giving a total of 51,610 (Table I ). These figures also include emergency slaughtering. The big discrepancy between the figures for Malta and Gozo reflects the fact that the Gozo slaughterhouse was closed for re-structuring during most of the tenyear period.
Analysis of the national livestock database system on the Maltese Islands
The NLD of the Maltese Islands is under the control of the VPRD.
The Department has a main office in Malta and one in Gozo. The database is managed from the Malta office, and the Gozo division is There are no practical limits to the number of registers that can be maintained in the database and these can be increased or decreased as required.
Filters can be used to limit the large volume of records to very specific subsets of data. This is especially useful whenever data are compiled for survey or census purposes. Filters can also be applied to records 
Producers register
The producers register holds data on the persons or firms legally responsible for the livestock. In most cases one producer is associated with each holding but in certain instances, such as a partnership between family members, more than one producer is associated with each holding. In some cases, a producer may be associated with any number of holdings.
The data in this register include:
-unique producer code, i.e. the identity card number of the owner/s -producer name/s -address and contact details.
Animal register
The The comment can show a premises code to denote that it has been sold; the comment 'AM' means that the animal was taken to a slaughterhouse; the comment 'dead' indicates that it has been registered by the owner as having died on the holding. During the tenyear period, 6,410 bovine deaths were registered on holdings in Malta and 3,967 in Gozo, giving a total of 10,377 (Table I) .
Several lists can be produced from the above data. The most common are those showing all the animals present at specified premises and between specified dates, and those showing the animals registered to specified producer/s irrespective of the premises at which they are kept. Moreover, the parentage and offspring of different livestock species can be recorded for an unlimited number of generations.
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It is also possible to link registers together and to link a particular animal identification with other information such as the dam and sire and any offspring produced.
A list of movements on and off the premises is another option available; such lists are used during epidemiological studies when disease outbreaks are investigated and rapid tracing of animals is required.
Use of the database enables determination of the number of holdings active on a particular date or during a particular time frame, together with the number of bovines and the average population on any particular holding, and all the relevant data on any particular date or during a particular time frame.
The data management section
The data management section of the NLD is the main interface of data management and analysis. It is used to issue the various reports requested on a day-to-day basis by managers or OVs of the Department and also for audit purposes and statistical reporting. The structure of the section, together with a brief description of the contents of each register, is shown in Table II .
Lists and reports section
The lists and reports section includes the action-list register and the reports register. The structure of the section and a description of each register are shown in Table III and destination, for example. A specified period of time can be chosen and data will be generated accordingly.
Integration of data between the National Veterinary Laboratory and the Identification and Registration Section
The NVL and the Identification and Registration Section (I&R), which both fall under the VPRD, share information and data via the database. This step is very important since integration of data and further checks are carried out whenever data from the laboratory are added to the database. 
Comparison of the Maltese national livestock database with cattle tracking systems in other countries
The impact of EU accession on the traceability system of the Maltese bovine husbandry sector has been considerable, as the system has moved from an incomplete, paper-based system to a centralised, computerised system. As a result, traceability from farm to fork in the bovine sector is now possible. This is a significant achievement; in some countries, such as the United States (USA), one of the biggest challenges is coordinating and linking different animal and meat traceability systems (24) . In Malta, the database is funded by government; this is similar to the situation in GB. In Switzerland, the funding for setting up the system was provided by the government but the operating costs are covered by the users of the database (25). In Denmark (26) and the Netherlands (25) the database is funded by the farmers.
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Another difference between the Maltese Islands and other countries is that in Malta the bovine keepers do not order ear tags from the approved manufacturers themselves, as happens in other countries such as GB (27) . In Malta, the tags are ordered directly by VSOs at the Department and the VSOs then tag the calves with no cost to the keepers. When the cost of the tags, the salaries of officers responsible for tagging, and the cost of transport and fuel are taken into consideration, it is estimated that the cost of each ear tag is approximately €7.00.
In the Maltese Islands, the keeper is obliged by law to inform the Department of any births of calves within seven days of the birth, and the calves are tagged no later than 20 days after birth. Movement must be notified within seven days. This notification and tagging period is different in some other EU member states. For example, in the Netherlands, ear tagging and notification of births, including stillbirths, must be done within three days of birth, and movement of animals must be reported within three days (25). In GB, dairy farmers must tag calves within 36 hours of birth, whereas beef farmers must tag their calves by 20 days of age; any calves dying before these deadlines do not need to be tagged. Movement of bovines must be reported within three days (27) . In Malta and Gozo the movement notification is a joint one, where details of both buyer and seller are provided on the notification. This is also the case in the Netherlands (25). In GB the buyer must report movement into the holding and the seller must report movement out; however, this has led to an increase in the number of incomplete movement histories (26).
The way data are submitted to the database can also vary between countries. In Malta, births, deaths and movement are entered in the v) The highest risk of death in calves occurs during the first four weeks of life (32) , and producers may not necessarily notify the Department of a calf death if its birth has not been notified and it has not been tagged. When collected data are used subsequently to calculate perinatal mortality rates of young calves, the real number will be underestimated. The lack of notification of such events has been described in England (33) No. 19082015-00056-EN 24/33 vi) Some producers lack computer skills or may lack Internet connectivity on their holdings; as a result they cannot efficiently notify the Department of any births, deaths or movements of bovines
vii) The large quantity of data in the national database, generated during the period under review, could be used to analyse production on each individual holding, but neither the producers nor their cooperatives are currently making efficient use of the information available.
Conclusions
The reality of livestock production in the Maltese Islands, and specifically the bovine production system, may be unique in that the majority of holdings are relatively small. Bovine traceability was present to some extent, based mainly on paper records, and this study has described the ten-year transition from pre-EU accession to the post-EU accession period during which the centralised NLD was developed. The creation of the database has resulted in better identification, registration, traceability and accountability of livestock present on holdings, together with more efficient use of all the animal health data generated on a daily basis. It is now possible to have a day-by-day breakdown of all bovines present on every registered holding in both Malta and Gozo. Moreover, apart from the benefit of being able to trace food back to the source, thus guaranteeing food safety and quality, the implementation of the database can lead to other benefits such as improvement in supply management, and differentiation and marketing of certain products (24) .
The merits of the system should be kept in mind whenever any changes to the system are required. The drawbacks and weak points also need to be studied and ways to overcome the problems should be sought. The advantages and disadvantages discussed may be useful to other countries during the preliminary phase of implementation of a livestock traceability system. The further education and training of livestock owners is crucial in tackling the problems mentioned above. 
